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Synopsis

In this report we explore the disposition of the U.S.
insurance community regarding the question of

global climate change. To provide some context, we
examine the history of insurance, insurance regula-
tion, the role of government insurance and disaster
relief, the relationship between insurer insolvencies
and weather-related events, the emerging capital
market alternatives to finance risk, and insurers’ per-
ception of and participation in climate science and
catastrophe modeling. While it is generally recog-
nized that weather-related catastrophe losses have
been rising dramatically in recent years, the role of
climate change in past or future trends is a subject of
much uncertainty for insurers. Our in-depth inter-
views with insurance executives and extensive review
of the literature found that insurers have assumed
positions on all points of the public policy compass.
This report has been prepared in the spirit of foster-
ing improved understanding and communication
among the insurance and non-insurance communi-
ties, and perhaps a higher level of interaction than
has been seen thus far.

The world’s nations have endured nearly one tril-
lion dollars in economic losses (and 560,000 fatali-
ties) due to 8,800 natural disasters over the past
fifteen years. Three-quarters of the loss costs were
weather-related, and a fifth were insured. Over the
past 50 years, the number of weather-related natural
disasters has been steadily rising, as have the total
and insured losses. Nearly 60% of these losses are vis-
ited on U.S.-based companies, and between 1970
and 1999 losses (adjusted for inflation) grew nine-
times faster than population. Meanwhile, the insured
fraction of total losses has increased steadily, as has
the size of those losses in relation to premium
income.

Weather-related events touch almost all types of
insurance providers, although the degree of vulnera-
bility varies substantially. Property insurers are more
vulnerable than are life and health insurers, and
within the diverse property segment some insurance
lines are more vulnerable than others. While the total

available reserves are large compared to catastrophe
losses experienced in the past, not all of these funds
are available to pay such losses. In fact, about 90% of
these reserves are associated with types of insurance
that have relatively little if any weather-related expo-
sure (e.g., workers compensation, medical malprac-
tice, liability).

The effects of increased losses can lead to pressure
on insurance reserves and prices, sensitivity of insur-
ers’ stock prices to major weather-related events, and
an increasing number of insolvencies. Large and
small insurers alike have been impacted by weather
extremes and will be more so in the future if the fre-
quency or intensity of weather-related  events
increases. The continued insurability of such risks is
a central question, especially given that most experts
project increases in extreme events going forward.

One of the vexing dilemmas facing insurers is the
difficulty of disentangeling the causes of weather-
related loss events. This is especially true for those
potentially related to human-induced climate change
versus natural climate cycles, and those having to do
with human activity that could accelerate or dampen
the process (demographic trends, increasing property
values, disaster mitigation efforts, etc.). In many
cases, upward trends in losses have shown to be a
product of both human and climatological factors,
but an in-depth understanding is hampered by tech-
nical complexity and insufficient information.
Compounding the problem, climate change research
is rarely conducted with insurers in mind.

The words “Climate Change” stir anxieties and
arouse controversies among insurers. While a number
have given some attention to the issue, the vast
majority of individual firms and most trade organiza-
tions have not indicated an opinion (at least not in a
public forum). A few have taken definitive positions
that there is a material threat, while others have
adopted equally strong views to the contrary. Some
have elected to pursue research and the fortification
of society against climate change, and others to adopt
a “wait-and-see” stance. U.S. insurer involvement in



the issue was greater in the mid-1990s than it is
today, with many insurers paralyzed by conflicting
reportage on the topic and skeptical about the politi-
cal and scientific assessments of climate change.

Insurers have a number of tools for reducing their
financial vulnerability. These include purchasing
reinsurance, raising rates, non-renewal of existing
policies, and the cessation of writing new policies.
They may also limit their liability by capping
amounts of insurance available, placing special limits
of liability on coverage, providing coverage on an
“actual cash value” basis (taking deductions for
depreciation holders and/or betterment) instead of
paying for the replacement cost, and increasing the
deductibles paid by their customers. They may also
pool their risks and strive to increase  their invest-
ment income, and, if sufficiently burdened, reduce
dividends to shareholders and/or policyholders.
Implementing some of these measures may require
legislative or regulatory action and present possible
political and market risks. Meanwhile, insurers—in
consort with other parties—also possess a diverse
toolkit of engineering approaches to managing and
minimizing the losses caused by natural hazards.
These include use of geographic information systems
to better understand and pinpoint risks, land-use
planning, flood control programs, early warning sys-
tems, sustainable forest management, coastal
defense, and wind-resistant construction techniques
supported by building codes. However, some within
the industry question whether even the combined
effect of these types of loss control are sufficient.

Insurers are also able to transfer loss costs to gov-
ernments, self-insureds, consumers, and the capital
markets. Insurers point out, rightfully, that not all
risks are commercially insurable in a market econo-
my. Seeking reductions in private sector insurance
coverage for climate- and weather-related hazards
produces increased pressure on government to
assume the associated risks. Governments, however,
have repeatedly shown reluctance to increase their
existing insurance exposures and liabilities for provid-
ing disaster relief. This tension is a central dilemma
facing society in the face of rising catastrophe losses.

Although the notions of risk management and
loss prevention are embedded in the historical fiber
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of the insurance industry, U.S. insurers have yet to
fully extend this thinking to the matter of climate
change. Insurers have treated loss control as a rela-
tively “local” enterprise, whereas it would entail a
rather dramatic shift in self-perception for insurers
to engage in the activity at a (literally) global scale.
Moreover, we have seen no quantitative analyses of
how climate changes could effect the “probable max-
imum loss” estimates upon which insurance pricing
and planning rest.

With some notable exceptions, the preponderance
of existing U.S. insurer activities fall in the area of
pre- and post-disaster loss mitigation, rather than
involvement in climate science or  mitigating the
potential effects of climate change itself. An impor-
tant semantic point is that while the climate-change
research community uses the word “mitigation” to
refer to measures that promise to reduce the process of
climate change, the insurance community uses the
term to refer to measures that reduce the likelihood of
losses from climate-related (and other) events.

Nonetheless, many of the insurance executives we
interviewed  exhibit a genuine desire to make a con-
tribution toward safe-guarding the public and their
policyholders. However, most claim to lack the scien-
tific knowledge needed to participate in the climate-
change debate. Ironically, some stridently declare a
lack of expertise and in the same breath state with
authority that climate change is not taking place. 

Over the past decade, U.S. insurers, to their cred-
it, have been involved in a large number of activities
in which the question of weather-related losses (and
in some cases climate change itself ) have been
addressed. While this evidences considerably more
involvement than many outside the insurance com-
munity are aware of, what does not emerge is a sense
that these events have built upon one another
towards some sort of consensus on the matter or
towards a coordinated plan of action extending
beyond preliminary discussion and fact-finding
activities.

Given the potential for disruption caused by cli-
mate change, it is notable how limited U.S. insurer
activities have been (at least as is evidenced in the
public record) to analyze the problem. At the highest
level, we discern three basic types of “perceptual 
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barriers” to more in-depth insurer involvement and
collaboration with non-insurer groups. These include:
(1) uncertainties regarding the science of climate
change, (2) distrust, emanating from parochialism
and provincialism among stakeholders; and (3) lack of
knowledge and the failure to fully understand stem-
ming from insufficient dialog among stakeholder
groups. Underlying these, we identify an extensive
series of barriers that fall into the categories of “legal
and regulatory”, “technical and informational”, “eco-
nomic and market”, and “political”.

We touch on the sometimes remarkable differences
between the activities and statements of U.S. and
non-U.S. insurers. These include the relative weight
of green marketing and green politics, the role of gov-
ernments in natural disasters, conceptual approaches
to loss prevention and mitigation, and the perception
of new business opportunities presented by climate
change risks. Likewise the regulatory and tax-law
environment, as well as the tone and tenor of govern-
ment relations with insurers, and differences in corpo-
rate culture and the timeframes with which insurers
measure their futures can differ dramatically among
countries. It was 28 years ago that European insurers
first articulated concern about climate change (16
years before their U.S. colleagues first publicly
addressed the issue). Yet, it is also fair to say that, in a
few select ways, U.S. insurers are ahead of their
European counterparts.

Non-insurer organizations in the U.S. often evi-
dence little appreciation for differences in conditions
faced by U.S. and overseas insurers. Although gener-
ally well intentioned, we find that efforts to involve
insurers in the climate change discussion have met
with very limited success. We believe that the prob-
lem stems in part from non-insurers’ lack of knowl-
edge about the intricacies of the insurance business,
i.e., its history, regulation; the common mispercep-
tion that insurers are a monolithic group and occa-
sional overstatement of the facts on climate change.
Meanwhile, mutual understanding is also hampered
by insurer perceptions that these groups are political-
ly rather than scientifically motivated or that non-
insurers cannot bring true value to their core
business. 

It appears that differences in worldview and ana-
lytical orientation have served to separate many
insurers and non-insurers on the question of climate
change. Some of these differences may prove irrecon-
cilable, but others certainly stand to be bridged
through increased mutual understanding and inter-
disciplinary, cooperative research and inquiry. Both
communities—and their constituencies—no doubt
stand to benefit from engaging with the other in a
more comprehensive dialog. From various quarters
within the insurance community, we are already
hearing a call for a more holistic approach, one that
integrates no-regrets environmental protection with
the discipline of disaster risk management.
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1 According to Munich Re, total economic losses are dominated by direct damages, defined as damage to fixed assets (including property or crops), capital, and inventories
of finished and semi-finished goods or raw materials which occur simultaneously or as a direct consequence of the natural phenomenon causing a disaster. Economic loss
data can also include indirect or other secondary damages such as business interruptions or temporary relocation expenses for displaced households. More loosely-relat-
ed damages such as impacts on national GDP are not included. In the U.S., Property Claim Services (PCS) definitions of losses set minimum thresholds for inclusion of $5
million up to 1996, and $25 million subsequently.As a result, no winter storms were included in the statistics for the 46-year period of 1949-1974, and few were included
thereafter (Kunkel et al. 1999).Although large in aggregate, highly diffuse losses due to structural damages from land subsidence would also rarely be captured in these
statistics. Similarly, weather-related vehicle losses are typically not captured in the statistics.Thus the totals presented here are underestimates of actual losses.

2This includes premiums collected by the two major branches of the industry: property/casualty and life/health insurers.The relative sizes of these branches, and the rele-
vance of climate-related losses for each are discussed in this report.

Globally, society has endured nearly one trillion
dollars in economic losses1 due to natural disas-

ters over the past fifteen years alone—about a fifth of
which were insured and three-quarters of which were
due to weather-related events. These losses—also
evidenced over a longer 50-year timeframe—are on
the rise, as is the share of premium revenue repre-
sented by these losses. A multiplicity of factors con-
tribute to the scale and rate of change in losses,
ranging from economic and demographic trends, to
market factors, to changes in the nature of natural
disasters themselves.

In recent years, various parties outside the insur-
ance community—e.g. government entities, scien-
tists, and environmental groups—have sought to
engage the $2.2-trillion-dollar global insurance
industry2 in the climate change discussion. Among
these non-insurance groups, some have argued that
climate changes could expose insurers to devastating
losses. Others have alerted insurers to new business
opportunities and other co-benefits stemming from
climate change mitigation. Although well-inten-
tioned, these efforts have generally met with limited
success. We believe that the problem stems in part
from non-insurers’ lack of knowledge about the
intricacies of the insurance business, e.g., its history
and regulation; a misperception that insurers are a
monolithic group; and lack of awareness of the vari-
ety of risk management tools available to insurers.
Non-insurers also tend to have an incomplete grasp
of past and present insurer involvement in the issue
of climate change, and of the different political and

market conditions faced by overseas insurers who
appear to be more involved in the issue. On the
other side of the divide, insurers—like any special-
ized community—do not always embrace multi-
stakeholder collaborations. Some insurers also
perceive the non-insurer groups as politically rather
than scientifically motivated, and as insensitive to
their basic needs and constraints as businesses. With
these differences in mind, this report has been pre-
pared in the spirit of fostering improved understand-
ing and communication within and among these
communities.

While our central focus is on the U.S. insurance
community, we also focus on the government sector
as insurer and regulator of insurers, and thus an inte-
gral part of the risk-management equation.

Where applicable we draw upon experiences of
overseas insurers and upon global insurance data. It is
worth bearing in mind that as the insurance market
becomes increasingly interconnected, national borders
will play a reduced role in characterizing the industry
and the risks it faces. U.S. insurers collected $35 bil-
lion in premiums for overseas insurance sales in 1997
(approaching 15% of total premiums), and this busi-
ness has been growing faster than overall premiums in
recent years. Overseas insurers can also be impacted
by events within the U.S. As a case in point, largely as
a result of the U.S. environmental liability crisis
(Superfund), natural disasters, and various oil indus-
try disasters, Lloyd’s of London experienced a pro-
nounced 13-year period of mostly negative
profitability from 1980 to 1993.
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additional key material in Appendix B—our review
considers insurer’s interaction with the science of cli-
mate and catastrophe modeling.

At the core of the report, we present the results of
interviews with 17 insurance executives to explore
insurer perspectives in-depth. A number of those
interviewed requested anonymity, and we respect
that in our account. This report is also underpinned
by a review of over 300 publications from the scien-
tific and insurance trade literature.

A note about our approach is in order. Our aim is
to describe the historic and present-day disposition
of the U.S. insurance community regarding the
question of climate change. In the course of our
interviews and other information-gathering activi-
ties, we received input from several dozen insurance
firms and organizations. In these discussions, we
encountered  tremendous variability in the nature
and degree of interest in the climate change issue.
Our intention is to synthesize, analyze, and report all
that we learned for the benefit of the reader. The
result naturally depicts a diversity of opinions and
perspectives, rather than a polished and internally
consistent “position”. This is not intended as a criti-
cism of insurers, but rather as a stock-taking exercise
that will help all concerned parties move forward in a
constructive fashion. The knowledge base from
which we could draw is by definition limited to what
insurers would share with us verbally or what is doc-
umented in the public domain. A number of leaders
in the insurance and financial services communities
were invited to provide peer review comments on a
draft of this manuscript, and we are grateful to those
who took the time to do so.

APPROACH AND ORGANIZATION OF THE REPORT
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This report focuses primarily on factors shaping
U.S. property/casualty insurer perspectives on the
matter of climate change, with a central aim to help-
foster a higher level and quality of understanding
and interaction between the insurance and non-
insurance communities. The life/health segment is
treated only peripherally, although it too is vulnera-
ble to weather and climate-related loss events.

While this report is intended primarily to help
orient non-insurers to the insurance market, it may
also serve insurers who have not already explored the
climate change question in depth.

To initiate our inquiry, we touch upon the history
of insurance and the organizational structure and
regulation of the business. We examine numerous
important chapters in the history of insurance,
including the advent of the multi-peril policy and
“Standards of Insurability” that determine whether
insuring a risk is seen as commercially viable.3

We then review the various potential causes of
change in the patterns of weather-related losses and
loss costs, including the impact of increasing and
shifting populations and exposures. We also discuss
the function and relevance of government insurance
and public policies that interact with the private-sec-
tor insurance marketplace. We survey the emerging
non-insurance alternatives for financing risk, and
describe the challenges insurers face in seeking regu-
lated rates that are adequate to pay future losses. We
review the trend towards “cash flow-underwriting”
and related concerns about the future availability and
viability of reinsurance. We also identify factors and
barriers that shape the minds and attitudes of insur-
ance leaders. In addition—in the main text with

3The standards of insurability include: (1) There should be a large number of homogeneous exposures to permit the operation of the theory of probability and setting of
actuarial rates (law of large numbers). (2) The occurrence should be fortuitous: i.e. the timing or the severity of the loss should be out of the control of the insured. (3) The
peril must produce a loss definite in time and amount.The insurer must be able to verify the loss promptly and measure its magnitude. (4) The insured group of risks must
not be exposed to an incalculable catastrophe hazard.There must not be a significant concentration of values in vulnerable areas. (5) The premium must be reasonable in
relation to the potential financial loss (priced to attract purchasers), and, simultaneously, develop the actuarially sound premiums necessary to cover the losses while pro-
viding for insurer solvency.
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HISTORY SHAPES THE MINDS AND ATTITUDES OF INSURERS

Formal insurer attention to weather-related losses
is a relatively recent development in the history of
the U.S. property/casualty insurance industry.
Historically focused on insuring a single peril, “fire”,
it was only within the last fifty years that U.S. under-
writers engaged extensively in insuring other causes
of natural hazard events. Natural disaster loss mitiga-
tion, in practice, has not reached the level of refine-
ment as it has in the case of fire. Since broadening
their focus from insuring only fire, insurers have
assumed a potpourri of losses from weather-related
events, such as hurricanes, cyclones, tornadoes,
severe windstorms, hail and ice storms, rainstorms,
floods, tidal surges, heat waves, soil subsidence, ero-
sion, etc. Compared to the fire peril, only fragment-
ed knowledge and few underwriting criteria exist for
these events.

Events have shown that these hazards can cause
catastrophic direct loss and significant consequential
losses such as, fires and wildfires, business interrup-
tion, food spoilage, and losses associated with addi-
tional living expenses. Climate change (be it natural
or caused by human activities) increases actuarial
uncertainty and therefore financial risks for insurers.

Insurers have had considerable involvement with
“loss prevention” and it is in fact an integral part of
their history, via fire safety programs and the like.
Insurance loss prevention, however, has generally
focused on arming the individual against risk rather
than reducing the risk itself. Stated another way,
insurer catastrophe loss mitigation efforts have striv-
en to lessen structural and content losses, but gener-
ally, exclusive of the “fire peril”, have not attempted

to eliminate or reduce the root peril or hazard caus-
ing the occurrence.

Going forward, it must be kept in mind that
insurers face many issues and pressures aside from
the question of potential changes in natural catastro-
phes, some of which are perceived as more pressing.
Examples include current trends towards consolida-
tion and convergence between banking and insur-
ance — although these too can have beneficial or
adverse impacts on a firm's financial fitness and vul-
nerability to catastrophes, a point that has not gone
unnoticed by insurers.

Government’s role in providing insurance and dis-
aster prevention/recovery aid is an important and
growing part of the equation. Discussion and analy-
sis of insurance and climate change thus must weigh
the nature and importance of government involve-
ment. According to one estimate, U.S. government
disaster-related payments amounted to $119 billion
($1993) for the 1977-1993 period. If climate risks
rise, insurers will likely look to governments to play
an increasing role in assuming those perils and/or
hazards that produce catastrophic losses. However,
government’s past and current efforts to limit and
even reduce financial support following natural dis-
asters indicates their ambivalence toward assuming
additional risks. As evidence of the challenges facing
the U.S. government, their insurance programs for
crop and flood have not been able to attain solvency.
The current-day debate over federal catastrophe rein-
surance further evidences the difficulty in finding an
acceptable balance for risk sharing between the pub-
lic and private sectors.

INSURER VULNERABILITY TO CLIMATE CHANGE IS REAL,
BUT DIFFICULT TO QUANTIFY

There is a clear upward trend in global weather-
related losses, even when adjusting for inflation. An
“average” year these days produces 5.5-times as
many weather-related natural disasters, globally,
than 40 years ago, resulting in 13.6-times the insur-

ance losses, adjusted for inflation, or $9.2 billion per
year in the 1990s. In the fifteen-year period between
1985 and 1999 over 8,800 weather-related catastro-
phes took place around the world. Globally, 31% of
the total economic costs and 58% of the associated
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4 Lightning has been cited as responsible for five percent of (presumably property) insurance claims (Kithil 1995), which would be approximately $9 billion annually. Reve
and Toumi (1999) have shown that a 1-degree-C increase in average wet-bulb temperature can be accompanied in mid latitudes by a 40% increase in lightning. Price and
Rind (1993) found that in a 2xCO2 climate with a 4.2-degrees-C warming, global cloud-to-ground lightning strikes would increase by 72% over continential regions.

insurance losses were visited on U.S. insurers.
During this period, the ratio of global property
insurance premium income to losses fell three-fold. 

Over the past three decades, the majority of glob-
al insurance losses were absorbed by U.S.-based
companies, and catastrophe losses (adjusted for
inflation) grew by over seven-fold — i.e. nine-times
faster than population. The ratio or premiums to
catastrophe losses fell by six-fold in the U.S. over this
period (and briefly by 20-fold following Hurricane
Andrew).

Irrespective of the causes of past losses, a problem
looking forward is that academic climate science is
rarely designed to address the exact questions of
importance to insurers. The growing popularity of
catastrophe (“CAT”) models is a step in the right
direction, but these models are predicated largely on
historical data rather than scenarios incorporating
future climate change, and there is regulatory resis-
tance to the use of these models for setting insurance
premiums.

For insurers, vulnerability can be broadly viewed
in terms of the relationship between probable maxi-
mum losses (PMLs), the sector’s capacity to pay for
these losses, and its ability to recharge depleted
reserves and surplus (net assets), taken together with
the predictability and uncertainty of such events.
The cyclic nature of the insurance industry (prices
and reserves) intrinsically leads to periods of higher-
than-average vulnerability. While the ultimate mani-
festation of impacts for an insurer is insolvency
(bankruptcy), catastrophes can disrupt insurance
markets and harm insurance companies and con-
sumers even in cases where all claims are paid. We
have seen no quantitative analyses of the potential
effects of climate change on PMLs.

The insurance sector is extremely diverse, with
most branches vulnerable to climate/weather-related
losses but to significantly varying degrees.
Meaningful analyses must pinpoint the most vulner-
able industry segments. Based on experience to-date,
the property/casualty (P/C) segment is more vulner-
able to weather-related events than the life/health
segment. The single-most vulnerable sub-segment
appears to be property insurance for structures.

Other segments, such as personal automobile insur-
ance, have more limited exposure. Less obvious vul-
nerabilities include impacts such as those from
increasing lightning strikes on machinery breakdown
and business interruption insurance.4 As an indica-
tion of the diversity of indirect effects, industry
groups have even cited social or economic instabili-
ties caused by climate change as a potential trigger
for “political risk” insurance claims, although the
likelihood and magnitude of such losses is relatively
low. Other types of insurance (e.g. medical malprac-
tice) are unaffected by weather.

Before liquidating assets to pay losses, insurers can
utilize “reserves”. Reserves are formed based on his-
toric loss experience and are not allowed to include
extraordinary losses that might be expected in the
future. According to A.M Best Co., as of 1999, prop-
erty/casualty insurer reserves totaled $345 billion.
While this amount is large compared to catastrophe
losses experienced in the past, most of these funds
are not available to pay such losses. In fact, the
majority of these reserves are associated with types of
insurance that have relatively little if any weather-
related exposure (e.g. workers compensation, med-
ical malpractice, liability). Reserves for the most
vulnerable lines: commercial multi-peril and home-
owners multi-peril were approximately $37 billion
(11% of the total), with an additional $6 billion pro-
vided through reinsurance.

Overall capacity, measured in terms of surplus
(“net assets”), varies considerably over time with the
industry’s core business and the performance of the
financial markets in which many of their assets are
located. A significant increase was seen during the
1990s, thanks to regular growth and the bull market.

While much emphasis is placed on the largest and
most destructive weather events, often referred to as
“mega-catastrophes” within the insurance communi-
ty, small weather-related losses are also important. In
fact, such small events represent one-half of all
weather-related insurance losses.

Further complicating matters, from an actuarial
standpoint, climate changes can imply greater statis-
tical uncertainty (unpredictability) concerning
potential losses and an unclear “pathway” between
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5 Studies by Easterling et al. (2000), Changnon et al. (1997), and Pielke and Landsea (1998) have attempted to disentangle factors underlying the upward trend in weather
related catastrophe claims (see Appendix B).

6This large segment is predominantly vehicle insurance. In the U.S., 16% of automobile accidents are attributed to adverse weather condition (NHTSA 1999), as are one-
third of the accidents in Canada (White and Etkin 1997) and 43% in the U.K. (Barker et al. 1998). Vehicles also sustain insurance losses from natural disasters, averaging
10% of all catastrophe losses, or $3.4 billion and 1.7 million claims between 1/1996 and 9/2000, with auto losses in individual events ranging as high as 55% of the total.
(PCS 2000).

7The full report can be found in Appendix E.The most sensitive customer segments are residential and commercial property, ocean marine, crop and farm-owners, and
flood. Crop insurance and residential flood insurance are largely insured or reinsured by government.The paper did not evaluate other measures of vulnerability, such as
profitability or solvency at the level of the firm or exposures according to other metrics, e.g. in terms of total insured property values for which the at-risk insurers are
responsible—e.g. $4 trillion in insured property in the Gulf and Atlantic coastal counties of the U.S. (Hooke 2000). Losses from crop and flood insurance excluded
because the risk is assumed by the federal government.

taking into account the financial complexity and
diversity of the insurance sector, rather than regard-
ing it as a monolith.  Their study also points out the
dominant role of hurricanes in the overall picture of
weather-related losses in the U.S. and that a connec-
tion between hurricanes and climate has not been
established. Moreover, the study notes the impor-
tance of proactive land-use planning and that certain
measures normally thought of as climate change
“mitigation” (e.g. emissions reduction achieved
through public transportation or reduced highway
speed limits) can also offer benefits to insurers by
reducing everyday risks.

Individual firms may become insolvent long
before losses approach the industry’s aggregate capac-
ity, even at a level of a $10-$20 billion-loss event in
the case of the U.S. While reinsurers offer additional
capacity, a general consensus as of the late 1990s sug-
gested that the capacity of insurers and reinsurers to
absorb a single major catastrophe, without major dis-
ruption, is distinctly limited as well. 

The threat of insolvency is often assumed to apply
exclusively to small firms. Following Hurricane
Andrew, however, we observed that the country’s
largest homeowner property insurer, State Farm Fire
& Casualty, was brought to the brink of insolvency,
necessitating a rescue by its parent (State Farm
Group). The same fate met Allstate, the nation’s sec-
ond largest homeowner insurer. Of the nearly 700
U.S. insurer insolvencies between 1969 and 1999,
about 10% were primarily due to natural catastro-
phes, and for an unknown additional share catastro-
phes were a contributing but not primary factor.

Most analyses focus on single loss events, while in
reality insurers can be faced with sequential losses or
other sources of financial stress. Multiple extreme
events in close spatial or temporal proximity consti-
tute low-probability, high-consequence events for
the industry. Severe non-weather-related events (e.g.

present and future climate regimes. This uncertainty
in and of itself represents an adverse and undesirable
aspect of climate change.

One of the vexing dilemmas is that it is not easy to
disentangle the relative causes of these losses, espe-
cially those potentially related to human-induced cli-
mate change (versus natural climate cycles) and those
related to human activity that could accelerate the
adverse effects of natural phenomenon. These
adverse effects include demographic trends, increas-
ing property values, etc.5 In many cases, upward
trends in losses have shown to be a product of both
human and climatological factors.

On the other hand, considerable human efforts
are made to avert or reduce natural disaster impacts,
including mitigation along coastlines, cloud seeding
to divert hail storms, improved building codes, tight-
ened zoning, improved weather forecasting and
storm warning systems, and public spending on dis-
aster preparedness and recovery. While rarely if ever
quantified or otherwise factored into studies of
human versus natural causes of loss growth, these
efforts can offset or obscure otherwise visible effects
of climate change.

Comprehensive analyses of global insurance sector
vulnerability to past or future climate changes have
not been undertaken. A recent paper addressing this
question was prepared by the American Insurance
Association. AIA, a national trade organization of pri-
marily large U.S. property-casualty insurers—repre-
senting approximately 20% of annual premium
revenues for this segment—estimated that: 17% of
U.S. insurance P/C premiums are associated with
types of insurance with “significant” exposure to
weather-related loss, 2% with “moderate” exposure,
66% with “minor” exposure,6 9% with “minor to no”
exposure, and 4% with “no” exposure (AIA 1999).7

Studies such as AIAs are an important starting
point, and highlight the need for segmenting and
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Insurers have many tools for reducing their finan-
cial vulnerability to losses. These include financial
mechanisms such as increasing surplus, raising
prices, or denying policy renewals and new policies.
Insurers can also limit the maximum losses that can
be claimed by paying for the depreciated value of
damaged property instead of the new-replacement
value, by reducing dividends paid to shareholders, or
by tightening deductibles (raising the floor or
redefining them in percentage terms instead of fixed
amounts). However, for technical as well as political
reasons, insurance regulators have shown limited
willingness to grant such allowances.

Similarly, insurers—in consort with other par-
ties—spread risks through engineered risk manage-
ment approaches, including use of geographic
information systems to better understand and pin-
point risks, land-use planning, flood control pro-
grams, early warning systems, sustainable forest
management, coastal defense, and wind-resistant

construction techniques supported by building
codes.

Insurers also spread risks among themselves by
pooling risks via so-called Residual Market
Mechanisms (FAIR Plans, Beach and Windstorm
Plans, and Joint Underwriting Associations). These
mechanisms represented insured property value
(exposure) of $24 billion in 1970, rising to $285 bil-
lion in 1998.

Insurers also utilize mandated Guaranty Funds
(a.k.a. “Insolvency Funds”) through which solvent
insurers must contribute to the payment of claims
when member insurers become insolvent. Guaranty
Funds were originally intended for small, specialized,
and geographically concentrated firms but there has
been a trend towards insolvencies and corresponding
demand for guaranty fund resources among larger
and more diversified companies. Payments from these
funds have grown substantially in recent decades,
with net assessments of $6.3 billion over the 1969-

INSURERS HAVE TOOLS FOR MANAGING AND SPREADING RISK

earthquakes), could also deplete a significant propor-
tion of insurer reserves.

Moreover, vulnerability arises from the relative
health of the insurance and broader financial sectors
and markets prevailing at the time of a major cata-
strophic loss event. Major market fluctuations can
have an adverse impact on insurer solvency. In the
event of catastrophic losses, insurers may need to liq-
uidate investments (a part of “surplus”) in order to
generate loss compensation. Coinciding broad-based
stresses on the industry can directly influence vulner-
ability by eroding surplus. Such past or potential
sources of stress include: major tobacco-related
claims, the crisis in liability insurance (especially the
“long-tail” U.S. Superfund and asbestos claims),
increased competition from Internet sales, Internet
privacy liability,8 or world events such as the Asian
financial crisis or elevated energy prices.

Insurance prices and stock values have exhibited
sensitivity to disaster events. Aside from issues of 

solvency, past extreme weather events clearly have
measurable short- to medium-term impacts on the
availability of insurance and reinsurance following
the disaster event and on insurance industry-wide
profitability.

An overarching issue is that, from an actuarial
standpoint, future disaster trends that develop in an
unpredictable, non-linear manner can imply greater
statistical uncertainty (unpredictability) of potential
losses. This can present a material impediment to set-
ting actuarially sound rates. Interrelated vulnerabili-
ties arise from regulatory uncertainties, e.g. the
inflexibility sometimes exhibited when insurers pro-
pose withdrawing from markets or raising insurance
prices. Overlaid upon the preceding uncertainties,
future climate and weather regimes will not necessar-
ily represent a simple extrapolation of the risks as
they are known today, and exposures are steadily
increasing as people continue to move into harm’s
way.

8 In the insurance trade press, the specter of Internet privacy litigation has been likened to the pollution liability (Superfund) crisis.
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1998 period, and as much as $0.9 billion in a single
year. Of the 25 largest U.S. P/C insolvencies
(amounting to $5 billion in unpaid claims), only
29% of the losses were recoverable through guaranty
funds and national capacity was only $3.4 billion as
of 1998. Insurers who are not directly impacted by a
catastrophic event, can thus experience a liability
through their participation in Guaranty Funds.

Insurers spread risk even more widely by purchas-
ing reinsurance, wherein reinsurers essentially
assume a portion of the risks in exchange for part of
the premium. Reinsurance is certainly a moderating
force with respect to many of these vulnerabilities,
although it is not a panacea. For example, an analysis
conducted by the Swiss Reinsurance company con-
cluded that the presence of reinsurance coverage for
natural disasters in 14 major markets around the
world (U.S. $53 billion) was insufficient.

Insurers can also spread risks to points entirely
outside of the insurance industry. This is being pro-
moted through a family of financial instruments col-
lectively referred to as Alternative Risk Transfer
(ART). These mechanisms include contingent sur-

plus notes, catastrophe equity put options, catastro-
phe bonds, and catastrophe options. There are wide-
ly disparate views within and outside of the
insurance sector concerning the potential for and
efficacy of these instruments.

Lastly, many risks are passed to the government
sector (including the local, state, and federal levels).
Government has assumed the role of insurance
provider in the past for risks that private insurers find
uninsurable. These include certain crop and flood
risks. Governments also provide disaster prepared-
ness and recovery services, e.g. through the Federal
Emergency Management Agency (FEMA) or the
Small Business Administration’s (SBA) disaster
recovery loan program. The question of who assumes
disaster risks is a “hot potato” tossed back and forth
between insurers and the government.

While the above-mentioned tools have served
society well and their value should not be underesti-
mated, it is also clear that the specter of natural disas-
ters is a growing concern for insurers and that
existing risk management and spreading mechanisms
are constantly being tested.

THE WORDS “CLIMATE CHANGE” STIR ANXIETIES AND

AROUSE CONTROVERSIES AMONG INSURERS

U.S. insurers contend that they are interested in,
and are constantly striving to acquire a better under-
standing of extreme natural hazard events. Yet, most
stridently assert that they are not experts on climato-
logical or meteorological matters. They vigorously
resist being thrust into a role that would have them
commenting on issues or problems on which they
lack expertise. Insurers maintain that they have
expertise in matters of loss control, reduction and/or
prevention, and it is in this area that they view them-
selves as making a major contribution particularly
relating to extreme events.

On the question of climate change, U.S. insurers
can be found on all points of the public policy com-
pass. While a number have given some attention to
the issue, the vast majority of insurers and many
trade organizations have not publicly indicated an

opinion. A few have taken definitive positions believ-
ing that there is a material threat, while others have
taken equally strong views to the contrary. Some
have elected to pursue the fortification of society
against natural perils, and others to adopt a “wait-
and-see” stance.

Although the notions of risk management and
loss prevention are embedded in the historical fiber
of the insurance industry, U.S. insurers have yet to
extend this thinking to the matter of climate change.
Insurers have historically treated loss control as a rel-
atively “local” enterprise, whereas it would entail a
rather dramatic shift in self-perception for insurers to
engage in the activity at a (literally) global scale.
Relevant insurer activities fall in the (important) area
of pre- and post-disaster loss mitigation, rather than
understanding climate science or engaging in the
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public policy discussion about mitigating the poten-
tial effects of climate change itself. Note that while
the climate-change research community uses the
word “mitigation” to refer to measures that promise
to reduce the threat of climate change, the insurance
community uses the term to refer to measures that
reduce the likelihood of losses from climate-related
(and other) events.

Over the past decade, U.S. insurers have been
involved in a large number of activities in which the
questions of weather-related losses—and in some
cases climate change itself—were addressed. While
this history evidences considerably more activity
than many outside the insurance community might
expect, what does not emerge is a sense that these
events have built upon one another towards some
sort of consensus on the matter or towards a coordi-
nated plan of action extending beyond preliminary
discussion and fact-finding stages. One very positive
characteristic of some past efforts is their multidisci-
plinary approach, in which partnerships with groups
outside the insurance sector have been profitably
created. However, many barriers remain unresolved,
and these cross-cutting partnerships are more the
exception than the rule.

The responses of the insurance executives we
interviewed paint a picture of insurers who exhibit a
genuine desire to make a meaningful contribution
toward safeguarding the public and their policyhold-
ers. However, most claim to lack the scientific
knowledge needed to participate in the climate-
change debate. Some stridently declare a lack of

expertise and, in the same breath paradoxically state
with authority, that climate change is not taking
place. Some view the happenings to be “an accident
of nature” while others subscribe to the theory that
climate change is a cyclical event. Still others support
the proposition that the earth’s inhabitants, through
the burning of fossil fuels and destruction of the rain
forests, are contributing to the phenomenon.

Government’s role in providing resources for dis-
aster preparedness and recovery and in providing
insurance products related to natural disasters is
bound to be a moderating factor in insurers’ percep-
tion of climate-related business risks. The stance of
state and federal government (as insurance regula-
tors) is thus fundamental to insurers’ outlook, as is
the federal government’s position in international
negotiations on climate change.

Government-sponsored coverage of climate relat-
ed risks like crop and flood insurance has also insu-
lated U.S. insurers from the full scope of climate
related risks,9 although private insurers do absorb
considerable flood losses and some perceive this risk
to be growing in the face of climate change. Partially
as a result, U.S. insurer attention to climate science
has focused largely on wind-related hazards (particu-
larly hurricanes).10 Relatively little effort has been
spent on evaluating other climate-related risks. This
narrow focus is justified to a degree given the domi-
nance of windstorms in insurance claims in recent
decades, but it also predictably leads to a less-than-
comprehensive perspective on the climate change
phenomenon.

9Total estimated losses from the 1988 U.S. drought were $56 billion, and those from the 1993 Mississippi River Valley floods were $23 billion ($1998). Combined U.S. flood
losses for the period 1987-1997 amounted to approximately $65 billion, inflation-corrected to 1995 dollars (Rosenzweig et al. 2000).

10And, ironically, the U.S. is in a period of reduced hurricane activity, possibly as a consequence of climate change.

MANY (SURMOUNTABLE) BARRIERS EXIST

Based on our in-depth interviews and our other
research, we offer two ways of analyzing the barriers
to more proactive involvement of insurers in the cli-
mate change issue. At the highest level, we discern
three basic types of “perceptual barriers”:

• Uncertainties regarding the science of climate
change

• Distrust, parochialism, and provincialism among
stakeholders

• Lack of knowledge, and failures of understanding
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stemming from insufficient dialog among stake-
holder groups
Underlying these perceptual barriers, we identify

a series of barriers and influences that fall into the
categories of “legal and regulatory”, “technical and
informational”, “economic and market”, and “politi-
cal”.

Legal and regulatory barriers include a lack of
imperative from regulators and resistance to new
modeling techniques — the taxation of reserve
funds set aside for future losses — disallowed recov-
ery of R&D costs — prohibitions against raising
prices or withdrawing from at-risk markets mandat-
ed involvement in climate change mitigation — and
concern that negative experiences such as those with
Superfund (liability for pollution) and OSHA (lia-
bility for customer emissions reductions or monitor-
ing) will be repeated.

Technical and informational barriers include
imperfect data on historical losses — scientific
uncertainties and unfounded claims (on both sides
of the issue), often amplified by the media — limit-
ed ability of climate models to generate results in
timeframes and spatial scales that are applicable to
insurers — absence of in-house climate expertise —
inability of the industry’s retrospective “CAT” (cata-
strophe) models to evaluate prospective scenarios of
future climates affected by greenhouse-gas emissions
or other causes — and unknown or unfamiliar risk-
management characteristics of climate change miti-
gation technologies.

Economic and market barriers include “supply
side” issues such as: more pressing market condi-
tions, competition, and consolidation — the percep-
tion that future loss costs are easily recovered
through rate and/or deductible increases — soft
market conditions that make it particularly difficult
for insurers to spend money on research and to dif-
ferentiate rates to reward environmentally friendly
practices among their customers — perception of an
immense capacity of alternative risk financing mech-

anisms — the presence of risk-pooling systems and
government-financed insurance and loss-reducing
programs that insulate insurers from some of the
most uncertain kinds of natural disaster events.
There is also suspicion that reinsurers are exaggerat-
ing climate change warnings to sell more of their
product, and a proactive versus reactive “corporate
culture” among some insurers.   The economic barri-
ers also include “demand-side” issues such as: lack of
imperatives from shareholder and consumer groups
— the virtual absence of demand for “green prod-
ucts” and associated corporate behavior in the insur-
ance marketplace — aversion to climate change
politics among customers that produce greenhouse-
gas emissions — and a host of reasons that encour-
age insurance buyers to underestimate their true
exposures.

Political barriers include the fact that insurance is
not a “polluting” industry — peer pressure from
major industries participating in the Global Climate
Coalition — a general desire to avoid involvement in
government initiatives — a specific negative percep-
tion of the United Nations (thus tainting the UNEP
Insurance Industry Initiative) — concern about iden-
tifying their concern only to become the object of
tightened solvency requirements or scrutiny and criti-
cism and expectations on the part of environmental
activists — regulatory pressure to assume uninsurable
risks — becoming the object of a tug-of-war between
government, industry, and consumer groups — and
competing “social causes” and limited funds to sup-
port them.

U.S. insurers are generally not experts in climate-
change economics, and some perceive the reduction
of greenhouse gases as an unaffordable public policy.
It is also notable that U.S. insurers have yet to pub-
licly discuss the potential business opportunities that
climate change avoidance/mitigation may offer to
them and others in the business community.
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